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1.4 AMPLIFIERS 15

tage negative limit. The resulting transfer characteristic is shown in Fig. 1.13, with the positive
ywet and negative saturation levels denoted £, and L._, respectively. Each of the two saturation
levels is usually within 1 or 2 volts of the voltage of the corresponding power supply.
Obviously, in order to avoid distorting the output signal waveform, the input signal
swing must be kept within the linear range of operation.
Lo_ ., oL
A, A,
Figure 1.13 shows two input waveforms and the corresponding output waveforms. We note
that the peaks of the larger waveform have been clipped off because of amplifier saturation.

Output peaks

vo A clipped due to
saturation

A A

oo

il 1)

1 !

LifF——
@
: Output
_,— - “ A waveforms

L L /\
A, Iy
| I I =
|| A
| 1 U B, fm———— i
l/l [
I /1 |
|
|
|
|
[
|

qib Input

waveforms

10W¢ 4' t

Fig. 1.13 An amplifier transfer characteristic that is linear except for output saturation.

Nonlinear Transfer Characteristics and Biasing

mited
»s the Except for the output saturation effect discussed above, the amplifier transfer characteristics
cified have been assumed to be perfectly linear. In practical amplifiers the transfer characteristic
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. I may exhibit nonlinearities of various magnitudes, depending on how elaborate the amplifier
l. ' circuit is, and on how much effort has been expended in the design to ensure linear oper-
[ ation. Consider as an example the transfer characteristic depicted in Fig. 1.14. Such a char-
} acteristic is typical of simple amplifiers that are operated from a single (positive) power

' supply. The transfer characteristic is obviously nonlinear and, because of the single-supply

operation, is

VoA

|

"1 L+ ____________
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}l Slope = A,

! ~f
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| 0 A ol .
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=
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|| (b)

1 : Fig. 1.14 (a) An amplifier transfer characteristic that shows considerable nonlinearity. (b) To
{ obtain linear operation the amplifier is biased as shown, and the signal amplitude is kept small.
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1.4  AMPLIFIERS 17

not centered around the origin. Fortunately, a simple technique exists for obtaining linear
amplification from an amplifier with snch a nonlinear transfer characteristic.

The technique consists of first biasing the circuit to operate at a point near the middle
of the transfer characteristic. This is achieved by applying a dc voltage V;, as indicated in
Fig. 1.14, where the operating point is labeled O and the corresponding dc voltage at the
output is Vp. The point Q is known as the quiescent point, the dc bias point, or simply
the gperating point. The time-varying signal to be amplified, v;(7), is then superimposed
on the dc bias voltage V; as indicated in Fig. 1.14. Now, as the total instantaneous input
vy(2),

[ w0 =V + w0 |

varies around V}, the instantaneous operating point moves up and down the tr I _curve
around the operafing peini—¢). In this way, one can determine the waveform of the total

instantaneous output voltage vp(#). It can be seen that by keeping the amplitude of v;(f)
sufficiently small, the instantaneous operating point can be confined to an almost linear
segment of the transfer curve centered about Q. This in turn results in the time-varying
portion of the output being proportional to #;(f); that is,

[0 = Vo + v\

with
Uy (1) = A1)
where A, is the slope of the almost linear segment of the transfer curve; that is,

d'U] atQ

In this manner, linear amplification is achieved. Of course, there is a limitation: The input
signal must be kept sufficiently small. Increasing the amplitude of the input signal can cause
the operation to be no longer restricted to an almost linear segment of the transfer curve.
This in turn results in a distorted output signal waveform. Such nonlinear distortion is
undesirable: The output signal contains additional spurious information that is not part of
the input. We shall use this biasing technique and the associated small-signal approximation
frequently in the design of transistor amplifiers.

EXAMPLE 1.2

A transistor amplifier has the transfer characteristic
vp = 10 — 10 e40u (1.11)

which applies for vy = 0V and vp = 0.3 V. Find the limits L_ and L and the correspond-
ing values of v;. Also, find the value of the dc bias voltage V; that results in V, = 5V and
the voltage gain at the corresponding operating point.

[SOLUTION

The limit L_ is obviously 0.3 V. The corresponding value of v; is obtained by substituting
vg = 0.3V in Eq. (1.10); that is,

u = 0.690 V
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